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Dependence on dilution of critical and compensation temperatures of a two
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In this study, dependence on site dilution of critical and compensation temperatures of a two
dimensional mixed spin-1/2 and spin-1 system has been investigated with Monte Carlo simulation.
The dependence of the thermal and magnetic behaviors on dilution of mixed spin system have been
discussed. We have shown that the critical and compensation temperatures of diluted mixed spin
system linearly decrease with increasing number of diluted sites.
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Ferrimagnetic systems i.e., materials have got consid-
erable attention due to their technological applications.
These systems consist of different spin sublattices and,
therefore, are so-called as mixed spin systems. One of
the most important properties of these systems is that
they have a compensation temperature. In a ferrimag-
netic spin system, sublattices have inequivalent moments
interacting antiferromagnetically. At low temperatures,
even though inequivalent moments of sublattices are an-
tiparallel, however, they may not cancel each other owing
to different temperature dependencies of the sublattice
magnetization. Fortunately, sublattices of ferrimagnetic
system compensate each other completely at T = Tcomp
below the Ne´el temperature [1]. This critical point value
is called as compensation temperature or compensation
point of ferrimagnetic spin system. At the compensa-
tion point, the total magnetization of ferrimagnetic sys-
tem vanishes and only a small driving field is required
to reverse the sign of magnetization of a locally heated
magnetic domain by using a focused laser beam. Hence,
writing and erasing processes can be achieved at this
point. This kind of ferrimagnetic systems are known as
magneto-optic materials.
In technological applications, it is important to pro-
duce the material i.e., spin system which has a desired
compensation temperature. In recent studies, it has been
shown that dilution plays a role on the compensation
point of ferrimagnetic mixed spin system. Therefore,
the effect of dilution on the compensation temperature
of mixed spin systems have been studied and interesting
phenomenon have been found. For example, Boba´k and
Jasˇcˇur [2] investigated the magnetization and phase di-
agrams of a diluted honeycomb lattice which consists of
spin-1/2 and spin-1 sub-lattices within the framework of
an effective-field theory with correlations by neglecting
the crystal field interaction. They obtained a number
of interesting phenomena, such as possibility of two com-
pensation points in the total magnetization curve. By us-
ing an effective-field theory with correlations, Xin et al.,
[3] investigated the ground state and finite temperature
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properties of a mixed spin-1/2 and spin-1 ferrimagnetic
system on square and honeycomb lattices in which the
magnetic atoms are randomly diluted with non-magnetic
atoms by neglecting the crystal field interaction. They
found that the transition temperature of the square lat-
tice is higher than that of the honeycomb lattice and
the compensation range of the square lattice is larger
than that of the honeycomb lattice with the same pa-
rameters. They also observed two compensation points
on square lattice. Xin et al., [4] also discussed the in-
fluence of the crystal field interaction and concentration
of the non-magnetic atoms on the magnetic and thermal
properties of mixed spin-1/2 and spin-1 honeycomb and
square lattices. They observed the tricritical point, reen-
trant phenomena and two compensation points on square
lattice, and also observed reentrant phenomena and two
compensation points on honeycomb lattice. Boba´k and
Jurcˇiˇsin [5] investigated the critical and compensation
temperatures and total magnetization of a diluted mixed
spin-1 and spin-3/2 Ising ferrimagnetic system by us-
ing an effective-field approximation. They showed that
the system exhibits three compensation points in certain
concentration ranges of magnetic atoms. Kaneyoshi et
al. [6], discussed magnetic properties of a diluted spin-
2 and spin-5/2 ferrimagnetic honeycomb lattice on basis
of effective-field theory. They found that two or three
compensation points are possible in diluted system with
special values of crystal field and concentration of mag-
netic atoms. In addition, the influence of a transverse
field on the compensation point were examined on hon-
eycomb and square lattices [7].
As it can be seen from previous studies dilution ef-
fects on the thermal and magnetic behavior of the fer-
rimagnetic mixed systems have been investigated in de-
tail. However, dependence of the critical and compensa-
tion temperatures on dilution has never been taken into
account up to now. Therefore, this point still deserves
particular attention for mixed spin systems. In this pa-
per, we discuss dependence of the critical and compensa-
tion temperatures on dilution in a two dimensional mixed
spin-1/2 and spin-1 system with Monte Carlo simulation
method. We find that the critical and compensation tem-
peratures linearly decrease as the number of diluted sites
2increases in two dimensional mixed spin-1/2 and spin-1
system.
In order to investigate the effect of dilution on the criti-
cal and compensation temperatures and on other physical
quantities, we consider antiferromagnetically interacting
two dimensional mixed spin (1/2,1) system with Hamil-
tonian
H = −J1
∑
<nn>
σiSj − J4
∑
<nnn>
σiσk +D
∑
j
S2j (1)
where σ = ±1/2 and S = ±1, 0. The first sum in Eq. (1)
is over the nearest-neighbor and the second one is over the
next-nearest-neighbor spins. J1 (J1 < 0) and J4 param-
eters define exchange interactions between the neighbor
spins, and D is the crystal field.
To simulate the system, we initially chose spins S and
σ randomly, but with equal number, in a discrete lattice
according to Eq. (1). We also set equal number of non-
magnetic atoms randomly in each sub-lattice. Then, we
employed Metropolis Monte Carlo simulation algorithm
[8] to the Eq. (1) on a L×L square lattice with periodic
boundary conditions. Configurations were generated by
selecting the sites in sequence through the lattice and
making single-spin-flip attempts, which were accepted or
rejected according to the Metropolis algorithm. Data
was generated over 100 realization for L = 16, 32 and 64
with different numbers of non-magnetic atoms by using
25000 Monte Carlo steps per site after discarding the
first 2500 steps. Our program calculates the sub-lattice
magnetizationsMA andMB, the total magnetizationM ,
the magnetic susceptibility χ and the specific heat C for
different densities of diluted sites. These quantities are
defined as
MA =
2
L2
〈∑
j
Sj
〉
(2)
MB =
2
L2
〈∑
i
σi
〉
(3)
M =
1
2
(MA +MB) (4)
χ =
1
kT
(
〈M2〉 − 〈M〉2
)
(5)
C =
1
kT 2
(
〈E2〉 − 〈E〉2
)
(6)
where T denotes temperature, E is the internal energy of
the system, and k is Boltzmann constant (here k = 1).
To determine the compensation temperature Tcomp
from the computed magnetization data, the intersection
point of the absolute values of the sub-lattice magnetiza-
tions was found using the relations
|MA(Tcomp)| = |MB(Tcomp)| (7)
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FIG. 1: The temperature dependencies of sublattice magne-
tizations MA, MB and susceptibility χ of non diluted square
lattice for J1 = −2, J4 = 8 and D = 2.6.
sign(MA(Tcomp)) = −sign(MB(Tcomp)) (8)
with Tcomp < Tc, where Tc is the critical i.e., Ne´el tem-
perature. Eqs. (7) and (8) indicates that the sign of the
sub-lattice magnetizations are different, however, abso-
lute values of them are equal to each other at the com-
pensation point.
In order to see the effect of the non-magnetic atoms
on the magnetic and thermal behaviors of two dimen-
sional mixed spin system defined with Eq. (1), choosing
J1 = −2, J4 = 8 and D = 2.6 we give the results of
64×64 square lattice for N = 0, 64, 256, 512 in Figs. 1-6.
Here we must state that the nearest-neighbor interaction
J1 in the Eq. (1) does not play a role on the compensa-
tion temperature, whereas observation of the compensa-
tion temperature depends on the parameters J4 and D.
This point has been discussed in Ref. [9]. Therefore, in
this study, we have particularly focused on the effect of
the different dilution rates with non-magnetic atoms N
for arbitrary fixed J1, J4 and D. On the other hand, to
analyze the effect of the non-magnetic atoms on the crit-
ical and compensation temperatures, for fixed J1 = −2,
J4 = 8 and two different crystal field values D = 1.6 and
D = 2.6 we give results of different lattice size (L = 16,
32, 64) for different densities of diluted site in Figs. 7 and
8.
In Fig. 1, temperature dependencies of sublattice mag-
netizations MA, MB and susceptibility χ of non-diluted
square lattice are given for J1 = −2, J4 = 8 and D = 2.6.
As expected, for chosen parameters the mixed spin sys-
tem has a compensation point near T/|J1| = 3.6 and a
critical point near T/|J1| = 5.3 as seen from Fig. 1. The
results of MA, MB and χ for these parameters are in an
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FIG. 2: Total magnetization M versus reduced temperature
T/|J1| for different N with J1 = −2, J4 = 8 and D = 2.6.
0 1 2 3 4 5 6 7 8
0.0
0.2
0.4
0.6
0.8
1.0
512
256 64
N=0
S
pi
n-
1 
S
ub
la
tti
ce
 M
ag
ne
tiz
at
io
n 
(M
A
)
T/|J
1
|
 
 
FIG. 3: Spin-1 sublattice magnetization MA versus reduced
temperature T/|J1| for different N with J1 = −2, J4 = 8 and
D = 2.6.
excellent agreement with the results of Ref. [9].
In Fig. 2, total magnetization versus temperature has
been plotted for several numbers of non-magnetic atoms
N (N = 0, 64, 256, 512) for fixed J1 = −2, J4 = 8 and
D = 2.6. In this figure, there are two zeros of magnetiza-
tion curves for different number of non-magnetic atoms.
The first zero indicates that the temperature value at
which total magnetization M is zero which corresponds
to the compensation temperature point, and on the other
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FIG. 4: Spin-1/2 sublattice magnetizationMB versus reduced
temperature T/|J1| for different N with J1 = −2, J4 = 8 and
D = 2.6.
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FIG. 5: Magnetic susceptibility χ versus reduced temperature
T/|J1| for different N with J1 = −2, J4 = 8 and D = 2.6.
hand, the second zero denotes that the temperature value
at which M is zero which corresponds to critical tem-
perature point. Though one can see some quantitative
differences in the total magnetization curves for different
number of non-magnetic atoms, but it is hard to com-
ment on this naive picture about dependence of dilution
of the critical and compensation temperatures. However,
it might be also predicted the compensation and critical
points appear near T/|J1| = 3.6 and T/|J1| = 5.3 for
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FIG. 6: Temperature dependence of the specific heat C for
different N values with J1 = −2, J4 = 8 and D = 2.6.
different number non-magnetic atoms, respectively.
In Figs. 3 and 4, for different N values (N = 0, 64,
256, 512) and fixed J1 = −2, J4 = 8 and D = 2.6 values,
the behavior of spin-1 and spin-1/2 sublattice magneti-
zationsMA andMB have been separately demonstrated,
respectively. As seen from these figures, sublattice mag-
netizations take values which are different from zero at
the compensation point while, as seen in Fig. 2, the total
magnetization value is zero at the compensation point
for all values of N . These two figures inform us about
behavior of compensation points for different N values.
Indeed, it is possible to obtain the compensation points
for different N values if MA is mapped onto MB in the
same figure as well as in Fig. 1. The first crosses in the
sublattice magnetization curves of MA and MB corre-
spond to compensation points. One can easily predict
from these figures that the compensation temperatures
decrease as the number of non-magnetic atoms N in-
creases. The dilution dependence of compensation tem-
perature which we have obtained from Figs. 3 and 4 is
given below. However, it is still hard to say from these
figures about the dependence of dilution of critical tem-
perature points. But it is possible to see the behavior of
the critical temperature points for different N values in
Fig. 5 in which magnetic susceptibility has been plotted
as a function of temperature for the same values of pa-
rameters. As it can be seen from Fig. 5 that there are
two relatively sharp peaks and humps in magnetic sus-
ceptibility curves for different N values. For the chosen
parameters, the critical temperature points can be easily
determined from the second peaks and humps. Because,
the second peaks and humps in the susceptibility curves
appear at critical temperatures and indicate a phase tran-
sition from ferrimagnetic to paramagnetic, as expected.
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FIG. 7: Dependence on the density of diluted site of the crit-
ical temperature for fixed J1 = −2, J4 = 8 and two different
crystal field values D = 1.6 and D = 2.6.
It can be clearly seen that the maximum points of the sus-
ceptibility curves become smaller and slide to left when
the values of N increase, which means that critical tem-
perature decreases and magnetization gets weaker with
increasing N . The dilution dependence of critical tem-
perature which we have obtained from Fig. 5 is given be-
low. On the other hand, the first humps in Fig. 5 may
probably originate from the crystal field D, and they do
not indicate a compensation temperature or a phase tran-
sition in the model, however, first humps in the suscep-
tibility curves are also affected by the existence of the
non-magnetic atoms in the lattice.
In Fig. 6, temperature dependence of the specific heat
has been plotted for different N and fixed J1 = −2, J4 =
8, D = 2.6 values. Similarly, there are also two relatively
sharp humps and peaks in specific heat. The first humps
probably may also originate from D, as well as the first
humps in magnetic susceptibility. The second humps and
peaks denote a phase transition. As seen from Fig. 6,
maxima of the specific heat curves become smaller and
slide to left when the value of N increases. It confirms
that the critical temperature decreases with increasing
N .
Fig. 7 shows the dependence on the density of diluted
site of the critical temperature for fixed J1 = −2, J4 = 8
and two different crystal field valuesD = 1.6 andD = 2.6
with different lattice sizes. As it can be seen from fig-
ure, non-magnetic atoms play an important role on the
critical temperature of the system. Indeed, critical tem-
perature of diluted system linearly decreases for fixed J
and D with increasing density of diluted site in the lat-
tice. Similarly crystal field also affects the critical tem-
perature of the system. It can be seen from Fig. 7 critical
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FIG. 8: Dependence on the density of diluted site of the com-
pensation temperature for fixed J1 = −2, J4 = 8 and two
different crystal field values D = 1.6 and D = 2.6.
temperature of the system systematically decreases when
the crystal field value is increased. On the other hand,
we can say that the critical temperature of the diluted
mixed system does not affected from the lattice size.
Fig. 8 shows the dependence on the density of diluted
site of the compensation temperature for fixed J1 = −2,
J4 = 8 and two different crystal field values D = 1.6
and D = 2.6 with different lattice sizes. Similarly, non-
magnetic atoms and crystal field play a significant role
on the compensation temperature of the system as well
as the critical temperature. As it can be seen from Fig. 8,
the compensation temperature of diluted system linearly
decreases for fixed J and D with increasing density of
diluted sites in the lattice, and on the other hand, com-
pensation temperature of the system systematically de-
creases when crystal field value is increased. Finally, we
can say that compensation temperature of the diluted
mixed system does not affected from lattice size as well
as the critical temperature.
In the present work, we have focused on the effect
of non-magnetic atoms on the critical and compensa-
tion temperatures of a two dimensional mixed spin-1/2
and spin-1 system. Employing Monte Carlo simulation
method to the system, we have studied thermal and mag-
netic behaviors of the system and dependence of these
properties on the non-magnetic atoms. We found that
the thermal and magnetic behaviors clearly depend on
the number of non-magnetic atoms in the lattice as it
can be seen from the figures given. Particularly we
have shown that the critical and compensation temper-
atures linearly decrease with increasing numbers of non-
magnetic atoms of the two dimensional mixed spin-1/2
and spin-1 system. Obtained results show that dilution
plays an significant role on the critical and compensation
points of a two dimensional mixed spin-1/2 and spin-1
system. On the other hand, these numerical results indi-
cate that the compensation temperature of the real fer-
rimagnetic spin systems can be changed by the diluting
the lattice with non-magnetic atoms, in order to obtain
desired compensation temperature.
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